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The pathological lesions which develop in young chicks following 
intracerebral  inoculation with  the virus  of fowl  pox are  described 
in an accompanying report (1).  It is  also noted that the virus has 
been greatly modified in its behavior as a  result of this  procedure. 
A marked increase in virulence for  epithelial cells, as well as an ap- 
parently newly acquired capacity for infecting cells of  mesodermal 
origin, are the chief expressions of this modification. 
A more detailed analysis of the behavior of the virus of fowl pox 
before and after intracerebral passage was suggested by several prob- 
lems which arose from these  observations.  That  a  variant  of the 
virus had been produced in this manner seemed evident.  Whether the 
maintenance of this variation was dependent upon the intracerebral 
environment or  would continue  to  manifest  itself  when  the  virus 
was  introduced  into  another  environment,  preferably  the  skin of 
susceptible  chicks  or  the  chorio-aUantoic membrane  of  chick  em- 
bryos, presented a  problem of particular interest.  Furthermore,  it 
seemed of importance to ascertain whether  this modification could 
be  considered  as  a  permanent  acquisition  of  new  characteristics 
by the virus. 
An analysis of this type also presented opportunities for discovering 
possible mechanisms by which  variants of certain virus  strains  are 
brought about and might also indicate more or less definitely in what 
manner these variations express themselves. 
A  comparative histopathological study of  the lesion produced by 
the virus of fowl pox was therefore undertaken both before and after 
intracerebral passage. 
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EXPERI-M'~.NTAL 
The chorio-allantoic  membrane of 12 day old chick embryos and the skin of 
baby chicks were chosen for the comparative study of the infection  induced by 
fowl pox virus  before and after  intracerebral  passage.  Two strains  of virus  were 
studied.  Thefirst strain  was one  which was used  in  the  study of  the  intracerebml 
infection of chicks as described in the accompanying report (I). The second 
strain,  which was obtained from another source,  1 had been propagated only in 
the skin  of chickens.  Mter one passage in pure culture  in the chorio-allantoic 
membrane it was inoculated intracerebrally into chicks.  The virus from the first 
intracerebral passage was studied for its characteristics. 
The  intracerebral virus  was  inoculated  onto  the  chorio-allantoic membrane 
of chick embryos with  the technique described by us for the cultivation of vac- 
cinia virus (2).  For control and comparison the original strains which had not 
been  passed  intracerebrally  but  had  been  maintained  in  the  chorio-allantoic 
membrane in pure culture were used.  The skin of baby chicks was also infected 
with both strains of virus before and after intracerehral passage. 
The lesions in the chorio-allantoic membrane were collected 4, 5 and 6 days 
after inoculation.  Those in the chick skin were collected at daily intervals from 
the 4th to as late as the 12th day after inoculation.  It was found that the 4th 
day lesions in both the membrane and the chick skin provided the best material 
for microscopic study. 
The lesions were fixed in Zenker's fluid with 10 per cent acetic acid.  Embed- 
ding  was  done  in  paraffin.  The  sections  were  stained  with  hematoxylin  and 
eosin. 
Histology 
Lesion Produced by the Viru~ be/ore Intracerebral Passage.-- 
1. In the Chorio-Allantolc Membrane.--The  fowl pox lesion in the chorio-allan- 
toic membrane has been previously described by Woodruff and Goodpasture (3). 
Our observations confirm their findings.  Marked hyperplasia of the epithelial 
cells of the ectoderm in the inoculated area occurs.  The cells are swollen and in 
practically every one the characteristic inclusion bodies are found (Figs. 3 and 5). 
In the 4 day old lesion no necrosis of the infected cells is observed.  The mesoderm 
is swollen,  chiefly due to edema.  A slight amount of proliferation of fibroblasts 
takes  place.  A  moderate  number  of  mononuclear  leukocytes have  wandered 
into the mesoderm.  No hemorrhage or reaction around the blood vessels is seen. 
The entodermal layer shows focal proliferation, but no inclusion bodies are found 
in the entodermal  cells in the 4 day lesion.  Inclusions appear in these cells  in 
the lesions at 6 days.  In the older lesions in which focal necrosis of the ecto- 
dermal epithelium has occurred there is more proliferation of fibroblasts in the 
mesoderm.  This is most marked directly beneath the necrotic loci in the ecto- 
derm.  In these areas, an occasional fibroblast is swollen and contains a globular 
refractile mass which resembles an inclusion. 
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Both dermal strains  of virus studied  induced essentially  the same lesion when 
inoculated  on the membrane. 
2.  In the Chick Skin.--The fowl pox lesion in the chicken skin has been de- 
scribed  by numerous  investigators.  Both strains  of virus in the present study 
induced lesions which could not be distinguished  from each other.  Hyperplasia 
of the epithelium  of the skin and feather follicles with the presence within these 
cells of the typical fowl pox inclusions is characteristic  (Fig.  1).  In lesions older 
than 8 days, where necrosis of the infected  epithelium  is present,  hyperplasia  of 
the underlying  connective  tissue takes place.  Within an occasional fibroblast  a 
refractfle body resembling an inclusion can be observed. 
The older lesions in the chick skin show a greater amount of inflamm&tory re- 
action than is observed at any stage of the infection of the chorio-allantoic mem- 
brane.  This  is  possibly  accentuated  by secondary infection  which  is  favored 
by the ulceration  which sets in during the later stages of the disease. 
The Lesion Produced by the Virus after It Has Been Passed Intracerebrally.-- 
1.  In the Ckorio-Allantoic Membrane.--The 4 day membranal lesion following 
inoculation  with the virus  which has been passed  intracerebrally  differs greatly 
from that produced by the original strains.  (Compare Figs. 3 and 4.)  Instead 
of hyperplasia,  a  widespread  necrosis of the ectodermal  epithelium  is observed. 
At the advancing edge of the lesion where active infection of the ectodermal  epi- 
thelium is present  there is a  slight  hyperplasia  of these cells.  Inclusion  bodies 
can be found in practically every cell in these areas.  The infection affects these 
cells profoundly,  they become rounded in shape and detached from one another 
(Fig. 6).  Necrosis seems to set in rather soon after the ceils are invaded by the 
virus.  As the inclusion increases in size, the cells separate,  become globular and 
break up, setting free many of the bodies which can be recognized as inclusions. 
This type of change is observed in the infection  with the virus of the epithelial 
cells of the choroid plexus of the chick (1). 
The mesoderm  is also much more profoundly affected by the virus of intra- 
cerebral derivation  than by the original strains.  Although much of the thicken- 
ing of this layer is due to edema there is considerable proliferation  of fibroblasts, 
and a  larger  number of mononuclear  phagocytes are present.  The majority of 
the fibroblasts in the mesoderm are found to be infected with the virus and con- 
tain typical inclusions.  Many stages  in the infection  of these cells can be ob- 
served.  At first  the fibroblasts  show their usual  shape, having an oval nucleus 
and long branched cytoplasmic  processes.  The first evidence of infection  is the 
swelling and opaque appearance  of the cytoplasm of the body of the cells.  In 
this opaque area a small refractlle round body can usually be seen.  This rapidly 
enlarges and the entire cell becomes more swollen and spherical.  The nucleus is 
pushed to one side and becomes shrunken and pyknotic (Figs. 9 and 10).  Follow- 
ing this,  the cell rapidly disintegrates. 
The blood vessels in the mesoderm  also show marked changes.  Their walls 
are greatly thickened by proliferation  of fibroblasts.  Many of these cells contain 
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Margination of thrombocytes is often observed, giving evidence of injury to the 
vessel wall (Fig.  7).  Hemorrhages from the veins are common.  Close examina- 
tion of the endothelial ceils lining the vessels show them to be swollen, often de- 
tached and globular and containing  typical inclusion  bodies (Fig.  8).  The in- 
fected endothelial ceils undergo necrosis and a breakdown of the vessel wall takes 
place,  resulting in the frequent hemorrhages observed. 
The entodermal layer of the membrane also gives evidence of the increased 
invasive power of the virus.  There is marked hyperplasia and widespread in- 
volvement of the cells by inclusion  bodies.  The infected entodermal cells also 
become detached from one another and spherical in shape after they are infected. 
2. In the Chick Skin.--In this tissue also the difference in the lesion produced 
by the virus after intracerebral passage in contrast to that produced by the strain 
originally is very marked.  (Compare Figs.  1 and 2.)  The epithdial cells show 
widespread necrosis  instead of the hyperplasia usually encountered in fowl pox 
infection of the skin.  At the edges of the lesion and in the depths of the feather 
follicle the epithelial cells are seen to contain the typical inclusions.  After in- 
vasion by the virus and with the increase in size of the inclusion  body the ceils 
become spherical in shape and detached from each other.  The infected feather 
follicles show the difference in behavior of the intracerebral virus from the original 
strain particuhrly well.  Following infection with the original strain these struc- 
tures stand out sharply and the component cells retain their relationship to each 
other even after aU of them are swollen and contain inclusion bodies.  The original 
pattern of the feather follicle  is preserved.  In the follides infected with  the 
intracerebral virus the entire structure is destroyed and only a  clump of round 
separated cells, each filled by an inclusion,  can be recognized  (Figs.  I and 2). 
The subcutaneous connective tissue shows numerous loci of necrosis.  At the 
edges  of these areas numerous connective tissue ceils contain inclusion  bodies. 
The walls of the smaller arterioles are thickened and surrounded by an exudate 
consisting  chiefly of large mononuelears.  The endothelial lining  is swollen  and 
irregular but no definite evidence of inclusions  has been found in  these  cells. 
Small areas of hemorrhage are frequent. 
The inflammatory reaction is quite intense and both polymorphonuclear and 
mononudear phagocytes are present in large numbers.  The rapid necrosis of the 
ceils following infection by the virus favors secondary infection which  is partly 
responsible for the intense inflammatory reaction. 
Effec~ of Serial Transfer in the  Chorio-AUantoic  Membrane on the 
Intracerebral Strain of Virus 
The virus from the  15th  intracerebral  transfer in  chicks was  sub- 
sequently  propagated  in  the  chorio-allantoic  membrane  through  7 
generations.  Membrane  to  membrane inoculations  were performed 
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for microscopic study to  determine whether the  characteristics ac- 
quired upon intracerebral passage were maintained.  It  was found 
that the virus behaved in the same manner after 7 generations in the 
membrane as it did after inoculation on the membrane directly from 
the infected chick brains.  It would seem from this that once these 
characteristics are acquired by the virus they are permanent and are 
maintained when cultured away from an intracerebral environment. 
Number of Intracerebral Passages Required to Produce the Change 
in the Behavior of the Virus 
In order to ascertain whether a prolonged period of intracerebral 
propagation  was  required to  establish  the  change  in  the  behavior 
of the virus or whether it was  rapidly acquired, the second of the 
original strains  of virus was  propagated through one intracerebral 
passage and then inoculated onto the chorio-allantoic membrane.  It 
was found that this strain of virus had the same  characteristics as 
that  cultured through  15  intracerebral passages.  This  strain  was 
then propagated  through 5  serial  transfers in  the  chorio-allantoic 
membrane with  no  observable  change  in  its  characteristics.  The 
virus evidently acquires its new properties rapidly and permanently. 
Effect of Culturing the Original Virus in the Chorio-Allantoic Membrane 
in the Presence of Normal Chick Brain Tissue 
In order to rule out or establish the  possibility that the presence 
of normal brain substance alone, without actual intracerebral passage, 
might produce the change in the behavior of the virus, equal amounts 
of membranal lesion containing the original virus and normal chick 
brain were carefully  triturated and inoculated onto the chorio-allantoic 
membrane in the usual manner.  Microscopic study of the developing 
lesion showed that the presence of brain substance did not influence 
the behavior of the virus.  No tendency toward increase in virulence 
for ectodermal epithelium or invasion  of the mesodermal elements 
of the membrane was observed. 
DISCUSSION 
Answers to some of the  problems raised at the onset of these ex- 
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passage the virus of fowl pox can be so modified that a definite varia- 
tion results.  This variation continues to express itself in the behavior 
of the virus when it is propagated away from intracerebral conditions 
in the skin of chicks or in the chorio-allantoic membrane of the chick 
embryo.  The  capacity  for  causing  a  rapidly  developing  necrosis 
of infected epithelial cells of the chick skin, as well as of the ectodermal 
epithelium of the chorio-allantoic membrane, seems to be the expres- 
sion of an increase in virulence.  Furthermore the marked propensity 
for infecting mesodermal cells which was evident in the intracerebral 
lesions  is maintained when the virus is propagated in these tissues 
removed from the intracerebral environment.  The uniform change 
in  form which all  types of  cells  undergo following infection with 
the virus is another expression of the change in behavior of the virus. 
That such a  variation in the virus should take place upon  intra- 
cerebral passage is not unprecedented.  As mentioned in the accom- 
panying report  (1)  such variants have been produced in much the 
same manner with the viruses of vaccinia and yellow fever.  What 
is of interest however is the fact that the intracerebral variant of 
fowl pox virus expresses  this modification in behavior in its relation- 
ship  to  specific  types of  cells  comparable to  that  of  the so  called 
neurotropic strain  of vaccinia virus.  In  a  previous study  (4),  we 
were able to show that in the chorio-allantoic membrane a strain of 
neurotesticular vaccinia was distinguished from a  dermal strain by 
its increased virulence for epithelial cells and also in its capacity for 
infecting cells  of mesodermal origin.  The  capacity of  the  neuro- 
testicular strain of vaccinia and the intracerebral strain of fowl pox 
virus to infect the endothelial cells of blood vessels is an analogous 
phenomenon  which  points  perhaps  to  some  fundamental  process 
which is responsible for this variation in each of these viruses. 
The variation produced in fowl pox virus in this manner is obviously 
the  result  of  environmental factors.  Findlay  (5),  has recently re- 
viewed the many variations which occur in animal viruses.  He dis- 
cusses the ways in which changes of environment  might act in bringing 
about a variation of a virus.  Sudden hereditary variations analogous 
to mutations, the selective action of an environment upon an already 
heterogenous population  or  temporary but  reversible  fluctuations 
in the sense of a Dauer~odifikatlo~ are considered by him to be the 
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From our observations it seems evident that the variation is due 
to a  rapidly developing change, rather than to the selective action 
of the new environment.  It has been found that one intracerebral 
passage is sufficient to bring about this type of variation.  As far 
as our experiments have gone the modification seems to be a  fixed 
hereditary one.  The  evidence is  as  yet not  su/ficient to  conclude 
whether it may be regarded in the sense of a  true fixed mutation or 
possibly a Dauermodifikation from which a  gradual reversion to the 
normal strain  might be  expected.  This problem is  still  under in- 
vestigation. 
Variations in bird pox viruses have been observed chiefly as a result 
of passage in species different from  those in which they originated. 
The various strains have shown marked differences in pathogenicity 
for  different species of birds.  A  variant produced by propagation 
in a different tissue of the same host has to our knowledge not been 
observed.  The  easily  recognizable  intracellular  changes  produced 
by the fowl pox virus offer an excellent opportunity for further study 
of the mechanism underlying the formation of such variations and 
the results of such changes in both the virus and the infected host. 
SU'M~ARY 
1.  Intracerebral  transfer  in  chicks  of  fowl  pox  virus  produces 
marked changes in its behavior when studied in the chorio-allantoic 
membrane of chick embryos and in the skin of baby chicks. 
2.  A great and persistent increase in virulence for epithelial cells, 
characterized  by rapid necrosis instead  of proliferation and hyper- 
plasia, is acquired by the virus propagated intracerebrally. 
3.  An affinity for cells of mesodermal origin including endothelial 
cells of blood vessels, and an increase in affinity for entodermal cells 
is acquired by the virus propagated intracerebrally. 
4.  The intracerebral virus causes a  uniform morphological change 
in all types of cells, in that the infected cells rapidly become spherical 
in shape, detached, and desquamated followed by necrosis. 
5.  One intracerebral passage is  sufficient to produce this change 
in the virus. 940  :FOWL  POX  VIRUS  MODIFIED  BY  PASSAGE 
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EXPLANATION  OF  PLATES 
All sections were stained with hematoxylin and eosin. 
PLATE 42 
FIG. 1.  Lesion in chick skin following inoculation with dermal strain of fowl 
pox virus (4 day lesion).  ×65. 
FIG. 2.  Lesion in chick skin following  inoculation with fowl pox virus after 
intracerebral transfer.  Marked necrosis of epithelium and intense reaction (4 day 
lesion).  ×65. 
Fro.  3.  Lesion in chorio-allantoic membrane following  inoculation with der- 
mal strain  of fowl pox virus.  Hyperplasia of ectodermal  epithelium  (4  day 
lesion).  ×65. 
FIG. 4.  Lesion in chorio-allantoic membrane following  inoculation with fowl 
pox virus after intracerebral transfer.  Necrosis of ectoderm, marked reaction in 
mesoderm and entoderm (4 day lesion).  ×65. 
FIG. 5.  High power of Fig. 3.  Hyperplasia of ectodermal epithelium and the 
presence of inclusion  bodies.  ×300. 
FIG. 6.  High power of lesion in ectodermal epithelium of chorio-allantoic mem- 
brane infected with intracerebraUy passed virus.  Rounded form and separation 
of epithelial ceils.  ×300. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  67  PLATE  42 
(Buddingh: Fowl pox virus modified by passage) PLATE 43 
FIG. 7.  Vein in chorio-allantoic membrane infected with intracerebrally  passed 
virus.  Thickening of walls, irregularity  of endothelial  lining and margination of 
thrombocytes.  X300. 
FIG. 8.  Endothelial  cells of blood vessel in chorio-allantoic membrane infected 
with  intracerebrally  passed virus.  Extreme  swelling and presence  of inclusion 
bodies.  ×2000. 
FIGS. 9 and 10.  Fibroblasts  in chorio-allantoic membrane  infected with intra- 
cerebrally passed virus, containing inclusion bodies.  X2000. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  67  PLATE 43 
(Buddingh: Fowl pox virus modified by passagel 